Propolis is a resinous substance collected from plants by bees. Its composition depends on the vegetation, the season, and the source area. It usually contains many chemical compounds such as polyphenols, steroids and amino acids.
Introduction
The hereditary spherocytosis (HS) is a congenital haemolytic anaemia that increases the susceptibility to haemolysis and decreases the cell life expectancy. HS is the most common red blood cell (RBC) membrane disorder in European Caucasians. Its prevalence is roughly 200-300 per 10 6 , while for Japanese population, for example, the frequency is 5.7-20.3 per 10 6 , (Satchwell et al., 2009; Orcutt et al., 1995; Granjo et al., 2003) . HS is caused by a defect in the erythrocyte membrane that leads to instability of the cell cytoskeleton (Favero et al., 2003) . The cells acquire a smaller spherical shape and are quickly kidnapped by the movement of the spleen, which leads to an increase in the erythrocytes production by bone marrow.
Recent studies suggest that HS can be caused by deficiency in four different erythrocyte membrane proteins: (1) spectrin; (2) anquirin associated spectrin; (3) band 3; (4) protein 4.2, being the deficiency in spectrin the most common (Granjo et al., 2003; Rocha et al., 2009) .
The oxidative damage of erythrocytes membranes associated with HS is similar to the observed for other haemolytic anaemia and has been associated with the pathological pathway of this disease (Margetis et al., 2007) . Previous studies established that oxidation of membrane proteins leads to red cell vesiculation (Wagner et al., 1986) . HS patients show higher haemoglobin and high molecular weight hb-immunopositive contents in their RBC membranes (Margetis et al., 2007) . This membrane bound-oxidized haemoglobin induces clustering of band 3 on the membrane surface. This aggregation leads to autologous IgGs and complement binding and consequently to erythrophagocytosis.
The identification of microspherocytes in blood film is a very easy and quick procedure for a diagnosis of HS. Additionally, the diagnosis may also be done by the osmotic fragility test. This test measures the in vitro lysis of RBCs suspended in solutions of decreasing osmolarity (Tracy and Rice, 2008) .
Propolis (bee glue) is a beehive product prepared by bees of the Apis mellifera species, using resinous substances collected from various plants. These substances are mixed with b-glycosidase enzyme of their saliva, partially digested, and added to bee wax to form the final product. Bees use it to seal holes on the beehive walls, and to protect themselves against invaders by wrapping them with propolis. The invaders die by asphyxia and their bodies are preserved, which prevents the putrefaction of the honeycomb (Salatino et al., 2005) .
As a natural substance, it has been used since the primordial times by ancient civilizations such as Egyptians, Arabs, Greeks, and many others, particularly in folk medicine, due to its therapeutic properties (Bankova, 2005) . Nowadays, there is an increasing interest on beehive products, particularly in propolis, mostly because of its applications in health care, cosmetics and food addictive production (Daugsch et al., 2008) . The health care applications of propolis are a particularly important area. This natural substance shows different biological actions, namely anti-inflammatory (Moura et al., 2009) , antibacterial (Salomão et al., 2008) , antifungal (Moura et al., 2009 ), anti-viral (Amoros et al., 1994 , curative, anaesthetic, anti-tumour (Szliszka et al., 2009; Búfalo et al., 2009 ) and has also antioxidant properties (Moreira et al., 2008) . It is therefore expected to be very efficient for wound healing, tissue regeneration, treatment of burns, psoriasis, herpes simplex and genitalis, rheumatism, sprains, dental medicine and immune system support and improvement (Moura et al., 2009 ). The potential use of propolis lead to an increased interest in new applications and in its chemical composition. However, propolis is a very complex mixture. More than 300 constituents have been identified in different types of propolis (Bankova et al., 2000) . Polyphenolic compounds are the most abundant, suggesting that these chemicals are correlated to the bioactive properties of propolis. Furthermore, propolis chemical composition and concentration of biologically active substances depends on the geographic localization of the plants that the bees feed on (Marcucci, 1995; Bankova et al., 2000; Marcucci and Bankova, 1999; Park et al., 2002; Moreira et al., 2008) . So, a characterization of propolis in terms of its content and type of bioactive components is particularly important to its standardization, a condition for the official acceptation of this natural product in the main stream of health care system.
The main goal of this work is to evaluate the effect of propolis from two different origins in the osmotic fragility of RBC from patients with HS, with and without oxidation stress conditions. This is the first study about the action of Portuguese propolis in haematological diseases. The results and the information provided are the basis for future investigations, namely elucidation of the mechanisms of propolis action on the fragility of the erythrocyte membrane.
Materials and methods

Sample preparation and analysis
Propolis from two Portuguese regions: Bornes -Trás-os-Montes and Fundão -Beira Interior, were used. The samples were prepared by mixing propolis with methanol (1:1 v/v) and letting under stirring over-night. The obtained solution was then filtered (Whatman no. 4) to remove the solid particles. The eluate was then extracted twice with methanol, as described earlier (Moreira et al., 2008) . The combined methanolic extracts were frozen at À20°C during 12 h and then filtered to remove wax particles. Finally the methanol was evaporated using a rotary evaporator, and the extracts re-dissolved in DMSO (20%).
The purified propolis samples were analysed by LC-MS to compare the polyphenol profile differences between the two used propolis materials. The two propolis materials were dissolved in methanol ($10 mg/25 mL) and injected without any other processing step. The LC-MS system is an Agilent Technologies 1200 Series LC coupled to a Bruker Daltonics HCT ultra (ion trap detector). The ionization was made by electro-spray (ESI) in the negative and positive polarities. Typical ESI conditions were nebulizer pressure 50 psi, capillary voltage 3.0 kV and drying gas temperature 300°C. A Purospher STAR (Merck) LiChroCART 125-2 (12.5 cm length, 2 mm internal diameter, RP-18, 5 lm) column stabilized at 30°C was used. The flow was 0.4 mL/min. The composition of the mobile phase was similar to the reported previously (Falcão et al., 2010) . The fragmentation spectra (MS 2 ) were obtained using Auto MS(n); higher order fragmentations were made by direct infusion into the mass spectrometer.
Patient
The patient, a 22-years-old male from North Portugal, was born healthy, with non-consanguineous parents and no known family history of anaemia. His clinical history includes: an intravascular haemolysis that required hospitalization at the age of 9-months; diagnosis of hereditary spherocytosis at the age of 12-months; severe anaemia (4.2 g/dL) that required two erythrocytes transfusion at the age of 18-months; splenectomy and removal of the gallbladder at the age of 2-years. Since then the patient takes oral penicillin twice a day and had a normal health and development.
Peripheral blood smear and Wright's stain
Peripheral blood smear was stained with Wright's stain and analysed under an optical microscope (1000Â).
Preparation of saline solutions
The saline solutions were prepared using a stock solution containing 100 g of NaCl, 13.65 g of Na 2 HPO 4 , 2.34 g of NaH 2 PO 4 Á2H 2 O, in one litre of deionized water. The following concentrations (g/L) were prepared: 0.0; 1.0; 2.0; 3.0; 3.5; 4.0; 4.5; 5.0; 5.5; 6.0; 6.5; 7.0; 8.0; 9.0; 10.0.
RBC membrane integrity evaluation -osmotic fragility test (OFT)
Propolis influence on OFT
Samples of the heparinised blood of the patient and of the blood of a healthy individual (control) were used. Consent was obtained from both individuals. The test was done within the recommended interval of 2 h after collection, at room temperature.
The heparinised blood was exposed to propolis DMSO extracts (10 lg/mL) during 10 min and was then washed twice using a physiological saline solution. After this step, 50 lL of RBCs were added to a series of tubes containing 5 mL of sodium chloride at different concentrations and incubated at room temperature for 30 min. The tubes were carefully shacked and the haemolysis was quantified at 540 nm, using the solution containing 10.0 g/L NaCl as blank. The haemolysis percentage was calculated using the solution with 0.0 g/L NaCl as 100% of haemolysis. The degree of haemolysis was related with the concentration of saline solution and the results are presented graphically.
Effect of hydrogen peroxide (H 2 O 2 ) in OFT
The procedure was similar to the described above for the osmotic fragility but modified in order to include 1 mM of H 2 O 2 . After exposure to the propolis extract, the RBC's were washed with a physiological saline solution and re-suspended in the physiological solution. Then, 1 mM of H 2 O 2 was added to the sample during 30 min.
Chelating activity
The chelating activity of propolis extracts was measured as reported by Topçu et al. (2007) . Each sample (1 mL) was mixed with 3.7 mL of deionized water and then allowed to react with 0.1 mL of FeCl 2 (2 mM) and 0.2 mL of ferrozine (5 mM). The absorbance was measured spectrophotometrically at 562 nm. The Fe 2+ chelating activity of propolis was calculated using the following relation:
Chelating activityð%Þ ¼ 1 À ðsample absorptionÞ 562 nm ðcontrol absorptionÞ 562 nm Â 100
Statistical analysis
A statistical analysis was performed using the Statistical Package for Social Sciences v17. One-way analysis of variance (ANOVA) followed by Tukey's test was made to verify which variables are significantly different, with a = 0.05.
Results and discussion
Polyphenolic composition of propolis
The bioactive properties of propolis extracts are certainly related with its chemical composition. Several studies suggested that polyphenolic compounds are responsible for these properties (Moreno et al., 2000; Kumazawa et al., 2004; Banskota et al., 2001) . In a previous work we showed that the two used propolis samples have different amounts of polyphenolic compounds (Moreira et al., 2008) . The sample from Fundão showed a polyphenolic content of 151 mg/g while that from Bornes showed the double: 300 mg/g.
The plant source is of crucial importance for the chemical composition and thus for the biological activity of propolis in a particular region. Indeed, sweet chestnut (Castanea sativa) is dominant in the region of Bornes while aspen (Populus tremula) is the main source of bee collected resin in Fundão region (Moreira et al., 2008) . The higher polyphenolic content of Borne's propolis should be related with sweet chestnut trees. This can be relevant for the official acceptation of propolis in pharmaceutical industries and subsequently economic valorization of the product.
In order to identify which polyphenol compounds show higher content in the Bornes propolis sample, we study the polyphenol profiles of the two materials by LC-MS, under both, negative and positive ionization. Most components of the Northeast Portuguese propolis, namely the Bornes propolis, were identified in a previous work (Falcão et al., 2010) . These include the typical phenolic acids and flavonoids found in propolis from temperate zones as well as novel compounds such as methylated and/or esterified or hydroxylated derivatives of common poplar flavonoids. We therefore focus on the main differences between the two tested propolis materials. Fig. 1 14.7 (1), 31.0 (2), 34.3 (3), 41.6 (4) and 50.0 (5) min showed much higher intensity (Fig. 1) . Based on the obtained fragmentation patterns of the detected negative and positive ions and on previous published LC-MS data (Gardana et al., 2007; Falcão et al., 2010) , the peaks labelled in the LC-MS traces were assigned to pinobanksin (1), chrysin (2), pinobanksin-3-O-acetate (3) and pinobanksin/ pinocembrin containing a phenylpropanoic acid derivative moiety (5) ( Table 1) Table 1 ). This fragmentation pattern was not reported before for propolis materials and is compatible with an ester of ferulic acid. However, the definitive assignment of a structure to this compound requires its isolation, purification and detail NMR studies. The LC-MS results indicated that the bioactivity of propolis extracts, namely its effect on the red cell membrane, might be related with the polyphenolic contents. Moreover, the results also suggest that this activity is likely to be related with the specific polyphenols families, namely pinobanksin/pinocembrin containing phenylpropanoic acid derivative moieties.
Laboratory diagnostic of hereditary spherocytosis
In this work two adults were studied, one with the syndrome of HS splenectomised and one healthy used as control. Diagnosis of HS was made by clinical features, namely spherocytes on peripheral blood smear and abnormal osmotic fragility. The morphologic hallmark of HS is the presence of micropherocyte, which is caused by loss of membrane surface area. However, the definite test to detect HS is the osmotic fragility test (Rocha et al., 2009 ), which evaluates surface to volume ratio. Normal erythrocytes are characterized by a biconcave shape and show therefore higher surface to volume ratio than the spherocytes. This property increases the osmotic fragility of spherocytes, making them much more prone to haemolysis when suspended in hypotonic solutions. The amount of haemoglobin released is correlated with the osmotic fragility of the red cell's membranes. The microscopic observation of the peripheral blood of the HS individual showed the presence of microspherocytes that appear smaller, spherical, more intensely haemoglobinised and without a central pallor (Fig. 2) . As expected, the osmotic fragility test for the HS patient gave a positive result. The haemolysis of RBCs started at 5.5 g/L of NaCl (Fig. 3) , while for healthy individuals it started at 5.0 g/L of NaCl (Fig. 3) . These results confirmed the clinical diagnosis of our patient.
Propolis effect in the erythrocyte membrane integrity
It is generally accepted that the HS is characterized by clinical, laboratorial and molecular heterogeneity (Favero et al., 2003; Granjo et al., 2003) . There is also a possible oxidative damage of red blood cell membrane in HS similar to the one recorded in other haemolytic anaemia (Margetis et al., 2007) . Indeed, the spherocytes were found to be more sensitive than normal erythrocytes to the action of oxidation inducing drugs. Margetis et al. (2007) reported increased amounts of haemoglobin in the electrophoretic analysis of RBC membranes of HS patients. The increase of haemoglobin values cause an increase of the free iron content, indicating that HS RBC's seem to be more prone to develop oxidative stress. Under oxidative stress cells respond accumulating ROS and the haemoglobin is exposed on the cytoplasmic surface. As a result of this process formation of microvesicles occurs and a decrease in the erythrocyte surface and loss of elasticity can be observed.
Flavonoids (including flavones, flavonols, flavanones and dihydroflavonols) and other phenolics (mainly substituted cinnamic acids and their esters) are the main active constituents of propolis and possess potent antioxidant activities (Moreno et al., 2000; Kumazawa et al., 2004; Banskota et al., 2001) . However, most studies were performed with Brazilian and Eastern Europe propolis (Popova et al., 2004; Alencar et al., 2007) . Studies conducted with Portuguese propolis are scarce and its antioxidant properties in RBC's were not investigated.
Chemical composition of propolis revealed that both propolis have the same main polyphenols, including the typical phenolic acids and flavonoids found in propolis from temperate zones (Falcão et al., 2010) , being the main differences the content of each component. Moreover, Moreira et al. (2008) , showed that both, Bornes and Fundão propolis had an effective DPPH radical scavenging and reducing activities.
The chromatograms shown in Fig. 4a are the single ion traces for the negative ion with m/z = 271 ([MÀH] À ), obtained for both, the Bornes and the Fundão propolis. The comparison of these chromatograms clearly show that pinobanksin, which shows a [MÀH] À ion at 271 (see Table 1 ), is present in both materials but shows higher content in Bornes propolis. This supports the general idea that all propolis materials from temperate zones share the same main components, being the main differences their relative amounts. However, besides the typical phenolic acids and flavonoids found in propolis from temperate zones, several characteristic compounds have been reported only for Bornes propolis (Falcão et al., 2010) . These include derivatives of pinocembrin/ (Falcão et al., 2010) , are highly specific of Bornes propolis. The aim of the present work was to determine if propolis could affect the red cell membrane integrity and if this action is related to polyphenolics compounds. In this study was used two propolis extracts with different polyphenolic contents. First, it was verified that the solvent (DMSO) did not affect the haemolysis. In all in vitro assays the same volume of propolis extract was added to the RBC's samples (HS and healthy individuals. The results of osmotic fragility tests, shown that the erythrocyte membrane fragility of both individuals was affected by propolis extract, leading to a curve dislocation to the right (Fig. 3) . In the control individual the haemolysis without propolis addition started at 5 g/L NaCl, while with the propolis extracts it started at 3.5 g/L. However, the haemolysis kinetic, was affected in a different way by the two propolis extracts used. At 3.0 g/L of NaCl 80% of haemolysis was verified when Fundão propolis is added while only 30% was observed when using Bornes propolis, suggesting that Bornes propolis protected more efficiently the membrane integrity. In the case of HS patient, the effect of propolis was more pronounced (Fig. 3) . When Bornes propolis was added to RBC's the haemolysis started only at 4.0 g/L NaCl while with Fundão propolis it started at 5.0 g/L NaCl. These results clearly indicate that propolis decreased the osmotic fragility of erythrocytes in vitro.
These results are in agreement with the GAE determinations and with the LC-MS data, which showed a higher polyphenol content for Bornes propolis. The results therefore suggest that the bioactivity of propolis extracts, namely its effect on the red cell membrane, might be related with the polyphenolic contents. Moreover, this activity is likely to be related with the specific polyphenols families, namely pinobanksin/pinocembrin derivatives. Zhu et al. (2001) observed that lipids and protein oxidation in cell membrane induce haemolysis.
H 2 O 2 and propolis effect on RBCs membrane integrity
We study the influence of H 2 O 2 in erythrocytes haemolysis of healthy and HS subjects and also investigated the role of propolis in RBCs membrane integrity under oxidative stress. Unpublished data from our laboratory show that hydrogen peroxide at 2.65 M induce the oxidation of haemoglobin to methaemoglobin (green colour solution) and that this effect was abolished by propolis.
RBCs of both subjects were submitted to oxidative stress with 1 mM of H 2 O 2 during 30 min. The erythrocyte membrane integrity of the control subject was not affected by this H 2 O 2 concentration (Fig. 5 ). This result is in agreement with the studies by El-Missiry and Abou-Seif (2000) that reported oxidative haemolysis by m-CPBA only after RBCs photo-sensibilization to increase the oxidative stress. In the HS patient the haemolysis also started at same NaCl concentrations, but was observed a slight increase of haemolysis, since the OFT curve shift to the left. Moreover, the cells pre-treated with Bornes propolis have the same behaviour of unstressed cells treated with propolis (Fig. 5) . The statistical analysis revealed significantly differences in haemolysis between the RBC treated with propolis and propolis/oxidant (p = 0112), suggesting that the oxidant effect in the RBC, caused by H 2 O 2 , was blunted by propolis.
This study shows that in vitro, the osmotic fragility may be increased by oxidative stress conditions in RBCs of HS patient and the protection of membrane integrity by propolis can due to its antioxidant properties. The fact that, haemolysis level of normal RBCs has not been affected by H 2 O 2 , can be related with an efficient antioxidant defense system that prevents oxidative damage (Lii and Hung, 1997; Rossi et al., 2001) , or because the RBC's incubation's time (30 min) with the NaCl solution was low, when comparing with the 8 h used by Zhu et al., 2001 .
Further studies, such a measurement in vitro of the effect of propolis in the oxidation level of membrane proteins and lipids under oxidative stress conditions are required.
Chelating effect on ferrous ions
The higher haemoglobin content for HS patient RBC's (Margetis et al., 2007) increased iron ions level. Ferrali et al. (1989 Ferrali et al. ( , 1990 Ferrali et al. ( , 1993 showed that iron is released in a free (desferrioxamine (DFO) chelatable) form when mouse erythrocytes are incubated with a number of oxidizing agents. Iron is released from haemoglobin and the release is accompanied by methaemoglobin formation. If the erythrocytes are severely depleted of glutathione (GSH), the release of iron is followed by peroxidation of membrane lipids and haemolysis. Transition metal ions such as Fe 2+ , are able to move free electrons and this way they allow the formation and propagation of many radical reactions, even if they start with relatively non-reactive radicals (Aboul-Enein et al., 2003). Chelating activity tests were performed in order to study the propolis effect on availability of transition metal ions involved on ROS production. The chelating effect of propolis was evaluated by the method of Topçu et al. (2007) . Ferrozine can form complexes with Fe 2+ , originating a violet colour. Propolis quenches the formation of the ferrozine-Fe 2+ complex.
The IC 50 for Bornes' propolis was 10.3 mg/mL while for Fundão was 17.8 mg/mL (Fig. 6 ). These IC50 values are in agreement with the polyphenol contents as suggested by LC-MS data. The protective effect of propolis towards the erythrocyte membranes can be attributed to their iron chelation capacities, since they can extract iron ions and hinder radical reactions. Ferrali et al. (1997) show also, that flavonoid quercetin prevent the oxidative damage induced in the erythrocytes and this protection is due to intracellular chelation of iron. Moreover, the phenolic and flavonoids compounds, can scavenge free hydroxyl and peroxyl radicals and protect the membranes. The effect of propolis is more pronounced in erythrocytes from HS patient because these cells have increased amounts of haemoglobin and iron ions and consequently they are under higher oxidative stress.
Another possibility is that propolis, namely phenolics compounds stabilize the erythrocyte membrane by interaction with membrane phospholipids. It has been documented that the interaction between some flavonoids and the lipid bilayer. Some can binding at the lipid-water interface, or are distributed in the hydrophobic core of the membrane, or interacted with the membrane's outer phospholipid monolayer (Suwalsky et al., 2008; Oteiza et al., 2005; Verstraeten et al., 2003; Bombardelli et al., 1989) .
Conclusion
This study intended to evaluate the propolis effect on human erythrocyte membrane.
LC-MS analysis of the used propolis samples showed the typical polyphenol compounds found in propolis from temperate zones. Propolis from Bornes showed higher polyphenol contents, namely of pinobanksin, chrysin, pinobanksin-3-O-acetate and pinobanksin/pinocembrin containing phenylpropanoic acid derivative moieties.
Propolis decreased the osmotic fragility of erythrocytes, nevertheless its effect was more pronounced in RBCs from HS Patient. Moreover, the Bornes propolis extract was more efficient. This difference can be related with the phenolics content. In fact, our research group has verified in other studies, that Bornes propolis has twice the phenolic compounds of Fundão propolis. The osmotic fragility may be increased by oxidative stress conditions in RBCs of HS patient and the propolis blunted this effect.
Bornes' propolis showed a chelating activity twice higher that Fundão propolis.
All data indicated that the propolis bioactivity in RBC membrane integrity is due to phenolic compounds.
Given the potential impact of these preliminary findings, we will develop studies to identify the main compounds involved in the protection of the red cells, as well as the identification of molecular targets of erythrocyte membrane. Simultaneously, we intend to increase sample size and studied the effects of diets containing different Propolis (or propolis compounds) on erythrocyte membrane integrity in vivo.
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